A field experiment was conducted at Etay El-Baroud Agricultural Research station during the two successive seasons 2012 and 2013 to study the effect of three levels of available soil moisture depletion (ASMD) namely wet (25-30%), medium (45-50%) and dry (65-70%) and foliar spray of salicylic and ascorbic acids singly or in combination at the concentration of 100 and 200 ppm on vegetative growth, yield components and some biochemical constituents of soybean (Glycine max L.). Increasing soil moisture stress up to 65-70% ASMD significantly decreased shoot and leaf dry weight, leaf area and leaf area index as well as, chlorophyll a, b and chl. (a+ b) content, relative water content in leaves and seasonal water consumptive. Whereas, peroxidase and polyphenol oxidase activities, proline content and water use efficiency were significantly increased when, the plants were received medium treatment compared with wet or dry treatment. Dry treatment significantly decreased plant height, number of branches/ plant, number of pods/ plant, weight of seeds/plant, 100-seed weight, harvest index and seed yield/faddan as well as total carbohydrates, protein accumulation and oil content in seeds. Foliar application of either salicylic or ascorbic acid and their combination had significant effect on growth parameters and yield components in both studied seasons, except, shoot dry weight at 90 days after sowing in the first season, leaf dry weight and number of branches/ plant in the second season as well as, number of pods/ plant which were insignificant affected in both seasons. Foliar application with salicylic or ascorbic acid and their combination induced significant increase for chlorophyll a, b content, peroxidase and polyphenol oxidase activities, proline, total carbohydrates, protein accumulation and oil content in seeds as well as, seasonal water consumptive use and water use efficiency compared with untreated plants. The interaction effect between water stress and foliar application of salicylic and ascorbic acids was found to be significant on leaf area, leaf area index, peroxidase and polyphenol oxidase activities and proline in leaves at 75 days after sowing in the second season. The maximum values of water use efficiency were obtained when plants were irrigated at 45-50% ASMD and sprayed with 200 ppm of salicylic or ascorbic acid and their combination at 100 ppm for each.
INTRODUCTION
Soybean (Glycine max L.) is considered one of the main leguminous crops in the world for its importance in human nutrition as good source for protein and oil since it has the highest protein content in comparison with the other leguminous crops. It is necessary to investigate certain abiotic factors such as drought and salinity that may limit the soybean yield (Shilpi and Narendra, 2005) .
Drought is perhaps the major factor limiting crop production world-wide (Shanguan et al., 2000) . Soil moisture stress affected growth and yield of soybean (Frederick et al., 2001) .
Water stress during growth stages of plants adversely affects on many physiological growth process (photosynthesis, translocation of carbohydrates and growth regulators, ion uptake, transport assimilation, N 2 fixation, turgidity, respiration) and shoot traits (Fageria et al., 2006) . http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master
Field Crop Science
The induction of peroxidase activity in plants occurs in response to numerous biotic and abiotic stimuli.
The roles of peroxidase can play in cell wall toughening and in production of toxic secondary metabolites and its simultaneous oxidant and antioxidant properties make it an important factor in the defense response of plants to a variety of stresses (Idrees et al., 2011) .
Oxidation of phenols by polyphenol oxidase leads to formation of quinones and free radicals that can activate enzymes, which form a part of the metabolic processes acting against different stresses (Bhonwong et al., 2009 ).
There are different approaches to mitigate the drought hazards, which include the development of stress tolerant plants by selection of stress resistant varieties (Ahloowalia et al., 2004) also, in vitro selection, use plant growth hormones (ABA, GA, cytokinin, SA), antioxidants (ascorbic acid, H 2 O 2 ) and osmoprotectants as foliar application and seed treatment (Farooq et al., 2009 ).
The survival of plants under such a stressful condition depends on the plants ability to perceive the stimulus, generate and transmit the signals and to initiate various physiological and biochemical changes (Hossain and Fujita, 2009) .The molecules such as salicylic and ascorbic acids have been suggested as signal transducers or messengers. These substances have obtained particular attention because of inducing a protective effect on plants under abiotic stress.
The potent impact of salicylic and ascorbic acids on various organs of plant structure and function prompt many investigators to apply them to several crop plants aiming to control pattern of growth and development coupled with enhancement of systematic resistance against various hurtful agents which may appear in the surrounding environments (Amin et al., 2008) .
Additionally, the main function of antioxidants such as SA and vitamins were protective of cell membranes and their binding transporter proteins (H+ -ATP-ase membrane pumps), maintained their structure and function against the toxic and destructive effects reactive oxygen species (ROS) during stress, in turn, more absorption and translocation of minerals (Fathy et al., 2000) .
Salicylic acid is an endogenous growth regulator from phenol compound group that in different of process in plants is operative such as seed germination, stomata closure, nutrient uptake, chlorophyll synthesis, protein synthesis, transpiration and photosynthesis (Khan et al., 2003) . Salicylic acid is a plant phenol and today it is in use as internal regulator hormone, because its role in the defensive mechanism against biotic and abiotic stresses has confirmed. Salicylic acid may affect directly on specific enzymes function or may activate the genes responsible for protective mechanisms (Hayat and Ahmed, 2007; Horvath el al., 2007) . Role of SA has been well documented in the activation of defense responses against various biotic and abiotic stresses (Zhao et al., 2009; Idrees et al., 2011) . Ascorbic acid affects phytohormonemediated signaling processes during the transition from the vegetative to the reproductive phase as well as the final stage of development and senescence (Barth et al., 2006) . It is also important as a cofactor for a large number of key enzymes in plants (Arrigoni and de Tullio, 2000) . Ascorbic acid is major water-soluble antioxidant, protecting biologically important macromolecules from oxidative damage caused by hydroxyl radicals, superoxide and singlet oxygen. In addition to its importance in photoprotection its, regulate of photosynthesis (Smirnoff, 2000) . Ascorbic acid plays an important role in the regulation of cell cycle and several fundamental processes of plant growth and development.
In this study it seemed necessary to study the effects of various levels of soil moisture stress on growth, yield and some metabolic processes and the role of salicylic and ascorbic acids in amelioration of the adverse effects of water stress.
MATERIALS AND METHODS
A field experiment was carried out at Etay El-Baroud Agric. Res. Station during the two successive summer seasons 2012 and 2013 to study the effect of soil moisture stress and foliar spray of salicylic and ascorbic acids on the growth, yield and its components, photosynthetic pigments, proline, peroxidase and polyphenol oxidase in leaves as well as crude protein, total carbohydrates and oil content of soybean seeds and water relations i.e. relative water content of leaves (RWC), water consumptive use (WCU) and water use efficiency (WUE).
The experiment was laid out in split plot design with four replicates. The main plots were occupied by soil moisture levels, while subplots contained foliar spray of salicylic and ascorbic acids. Plots were separated from each other by 1.5 meters distance to avoid the interference between irrigation treatments. Each sub-plot area was 14 m 2 (3.5×4m) and included 5 ridges, 4m long and 70 cm apart. Some physical and chemical properties of the experimental site are shown in Table 1 .
The treatments were as follows:
Main Plots (Irrigation Treatments)
A-Irrigation at 25-30% of available soil moisture depletion (ASMD) (wet treatment).
B-Irrigation at 45-50% of ASMD (medium treatment).
C-Irrigation at 65-70% of ASMD (dry treatment). Research Section, Field Crops Research Institute, Agricultural Research Center, Giza, Egypt. Soybean seeds were planted on 5/6/2012 and 6/6/2013 in the first and second seasons, respectively in two sides /ridge with 2 seeds in hill spaced 20 cm.
Sub-plots (Foliar Spray of Salicylic and Ascorbic Acids)
All agricultural practices were carried out according to the recommendations of Ministry of Agriculture, Egypt. Phosphorus fertilizer at the rate of 150 Kg P 2 O 5 /faddan was applied to the soil just before sowing in the form of calcium superphosphate (15.5% P 2 O 5 ). Nitrogen fertilizer at the rate of 22.5 Kg N/faddan was applied in two equal doses (before sowing and after thinning).
Salicylic and ascorbic acids were foliar sprayed three times at 33, 47 and 61 days after sowing (spraying every two weeks).
Irrigation treatments were applied after 30 days from sowing.
Growth Characters
Five plants were randomly taken from each sub-plot at 75 and 90 days after sowing to estimate dry weight of shoot system and leaves, leaf area and leaf area index.
To determine leaf area / plant, 10 disks area equal (10×3.14 × (1.5) 2 = 70. 65 cm 2 ) according to Hunt (1990) by the following formula:
Leaf area / plant, in cm 2 L A = 70.65 × dry weight of leaves per plant / dry weight of leaves disks.
Leaf area index
L A I = leaf area per plant / ground area occupied by plant.
Plants samples were dried in an electric oven with drift fan at 70°C for 48 hr., till constant dry weight.
Yield and Yield Components
Harvesting took place on 3/10/2012 and 4/10/2013 in the first and second seasons, respectively. At harvesting time, five plants from the central row in each sub-plot were randomly taken to determine plant height, number of branches /plant, weight of seeds/plant and 100 -seed weight. Plants in a central area (4 m 2 ) in each subplot were harvested and weighed then converted to seed yield Kg/faddan.
Physiological Traits

Chlorophyll content of leaves
Chlorophyll a and b content in fresh leaves (as mg/g fresh weight) at 75 days after sowing were determined and calculated according to Moran and Porath (1980) .
Antioxidant enzymes of leaves
Peroxidase activity
The activity of peroxidase enzyme was determined by employing the method of Thimmaiah (1999) , after 75 days from sowing, 3 g fresh leaves were ground in a precooled mortar and pestle containing 9 ml of 0.1 M phosphate buffer (pH 7.1).The extract was centrifuged at 3000 rpm at 60c for 20 min. Peroxidase activity was expressed as changes in absorbance min -1 at 425 nm.
Polyphenol oxidase activity
Poyphenol oxidase activity was estimated as described by Mayer and Harel (1979) with some modifications.
Proline content of leaves
Proline in leaves was determined according to Bates et al. (1973) . The results were calculated in mg / g dry weight.
At harvest time, samples of mature seeds were prepared to chemical analysis.
Total carbohydrates content
Total carbohydrates were determined in the dried seeds, using phenol sulphuric method (Dubois et al., 1956) .
Protein content
Total nitrogen was determined using the modified Micro-Kjeldahl method (AOAC, 1988) . The total protein was calculated by multiplying the values of total nitrogen by 6.25.
Oil content
Oil content was determined using Soxhlet extraction apparatus using petroleum ether as solvent and as percentage calculated on dry weight basis (AOAC, 1990) .
Water relations
Relative water content of leaves, RWC (%)
At 75 days after sowing, leaf samples, were immediately weighed (fresh weight, FW) and transferred into sealed flasks, then rehydrated in water for 5 hr. until fully turgid at 4°C, surface swabbed and reweighed (turgid weight, TW). Leaf samples were oven dried at 70°C for 48 hr., and reweighed (dry weight, DW). Lazcano-Ferrat and Lovatt (1999) as follows:
RWC (%) was calculated according to
DW) - (TW DW) - (FW (%) RWC =
Water consumptive use (WCU)
Soil samples were taken, using a regular auger, at planting time, just before and 48 hours after, each irrigation and at harvest for soil moisture determination. Irrigation was applied when the moisture content reached the desired available soil moisture for each treatment. At each sampling date, duplicate of soil samples were taken from 0-15, 15-30, 30-45 and 45-60 cm depths and their moisture content were gravimetrically determined and presented in Table 2 . The depleted soil moisture was detected after each irrigation and the following equation was used for calculating water consumptive use according to (Israelsen and Hansen, 1962) :
Cu= D × Bd × (e 2 -e 1 ) / 100
Where: Cu = Water consumptive use (ET) in mm. D = Soil depth (cm) Bd = Bulk density in g/cm 3 e 1 , e 2 = Soil moisture content before and after each irrigation.
Water use efficiency (WUE)
Water use efficiency in Kg/m 3 /faddan was calculated for each treatment according to the equation described by Pierre et al. (1965) as follows: WUE = seed yield (Kg /fad.) /seasonal water consumption in m 3 /fad.
Statistical Analysis
Data were statistically analyzed according to (Snedecor and Cochran, 1980) and means were compared using LSD values at 5% level of probability.
RESULTS AND DISCUSSION
Growth Characters
Data presented in Tables 3 and 4 show that increasing soil moisture depletion level from 25-30% up to 65-70%, significantly decreased shoot and leaf dry weight, leaf area and leaf area index in both seasons at 75 and 90 days after sowing.
The minimum values of such traits were obtained from dry treatment (irrigation at 65-70% ASMD). These findings explain that, decreasing available soil moisture level decreased plant growth. The obtained results are in agreement with those reported by (Abdul-Wasea and Elhindi, 2011; Pirzad and Shokrani, 2012) .
The decrease in total dry weight may be due to considerable decrease in plant growth, photosynthesis and canopy structure, as indicated by leaf senescence during drought stress (Nautiyal et al., 2009) . In this respect Hamayun et al. (2010) reported that shoot fresh and dry weights in maize and soybean plants were significantly reduced, when exposed to drought due to reduced shoot growth, increased senescence and switching over the plant growth from shoot growth towards root growth.
Also, water deficit decreased leaf area index, which induced a reduction in leaf area and number of leaves/ plant. These results are in harmony with those obtained by Abdo and Anton (2009) Foliar application of salicylic and ascorbic acids alone at 100 and 200 ppm or in combination at 100 ppm promoted growth criteria (shoot and leaf dry weight, leaf area and leaf area index) at two physiological stages (at 75 and 90 days after sowing) in the two seasons compared to the control.
Generally, foliar application of the tested compound led to significant differences between these treatments in both seasons, except shoot dry weight at 90 days in the first season and leaf dry weight in second season which were not significantly affected. The most effective treatment on growth parameters was obtained when plants were sprayed with 100 ppm SA+100 ppm ASC which caused increasing in the leaf dry weight, leaf area and leaf area index in the first season, as well caused increasing in shoot dry weight in the second season. Whereas, 200 ppm increased leaf dry weight, leaf area and leaf area index at 90 days in first season. Ascorbic acid at 200 ppm increased shoot dry weight in first season at 75 days after sowing. Also, 100 ppm SA + 100 ppm ASC increased shoot dry weight, leaf area and leaf area index at 90 days in the second season.
Leaf area was increased by advancing soybean age up to 90 days after sowing; this is mainly due to the production of new leaves and leaves expansion through the growth of soybean plant. Hegazi and El-Shraiy (2007) found that foliar application of salicylic acid generally had a positive effect on vegetative growth parameters of common bean. Also, Hassanein et al. (2012) on wheat plants.
It was reported that treatment by salicylic acid increase cell division on apical meristem of corn seedling, and improve plant growth under drought stress condition (Shan et al., 2002) .
Farahbakhsh and Saiid (2011) showed that salicylic acid seemed to enhance metabolic activities of the cell, which resulted in stem elongation and caused an increase in leaf area. Also, they found that shoot dry weight of maize was increased with increasing SA concentration. Also, Hamad and Hamada (2001) reported that wheat seeds treated with ascorbic acid decreased the bad effectives of drought stress on fresh and dry weight of radical and plumule. The beneficial effects of ascorbic acid upon growth and productivity have been reported on sunflower plants (El-Gabas, 2006) . Amin et al. (2008) found that salicylic or ascorbic acid and their combinations increased dry weights of wheat plant and that might be attributed to an increase in number of tillers and spikes as well as leaf area, leading to increased photosynthetic activity. Baghizadeh and Hajmohammadrezaei (2011) found that in general, salicylic and ascorbic acids significantly relieved the harsh effects of drought on okra germination and growth parameters and it seems that ascorbic and salicylic acids were able to enhance the tolerant ability of the plant to drought stress. Also, Siamak et al. (2015) found that salicylic and ascorbic acids increased plant height and plant biomass of chick pea as compared with control under drought stress. Tables 3 and 4 show that the interaction effect between soil moisture stress and foliar spray of salicylic and ascorbic acids was found to be significant on leaf area and leaf area index at 75 days after sowing in the second season. The maximum values were obtained when plants irrigated at 25-30% ASMD in combination with foliar spraying with 200 ppm salicylic acid. However, the other growth parameters did not affected significantly.
Data in
Yield and Yield Components
Data in Tables 5 and 6 reveal that soil moisture stress had a significant effect on plant height, number of branches and pods/ plant, seed weight / plant, 100-seed weight, harvest index and seed yield / faddan in the two seasons. Such characters were significantly decreased when the plants were exposed to severe water deficit (irrigated at 65-70% ASMD). These results revealed that increasing soil moisture stress reduced seed soybean growth, which in turn affected yield components. On the contrary, high moisture level enhanced growth plants thereby improved yield components. These results are in the line with those reported by Masoumi et al. (2010) who, found that water deficit stress decreased number of pods per soybean plant, thousand seed weight, seed yield and harvest index.
The decrease in yield and yield components of soybean due to water deficiency had also been reported by other researchers (Dominique et al., 2000; Ohashi et al., 2009) . Also, Babaeian et al. (2011) found that water stress in seed filing stage decreased the amount of photosynthesis material transfer to barley grains, thereby decreased yield and yield components. Ali et al. (2011) reported that an increase in drought intensity reduced plant height. This is due to the adaptation of maize plants to cope with drought stress; the maize plants started to divert assimilates from stem and utilized them for increased root growth in order to increase the water absorption. Hence the plant height was affected significantly.
Saad El-Deen (2006) reported that the negative effect of water stress on sesame was due to its effect on photosynthesis, cell division and cell elongation during the vegetative growth stage which in turn reduced plant height. In this context, our results showed that foliar spray of salicylic and ascorbic acids singly or in combination, significantly increased all investigated yield components of soybean except number of pods/ plant in both growing seasons where, the maximum values of seed weight/ plant, 100 seed weight and harvest index were recorded when the plants were sprayed with 100 ppm SA + 100 ppm ASC and 200 ppm of ASC or SA, respectively in both growing seasons.
The most effective treatments on seed yield/ faddan in both seasons were the spraying of 200 ppm SA or 100 ppm SA+ 100 ppm ASC.
The increment of the above agronomic characters are in agreement with the findings of Hegazi and El-Shraiy (2007) who found that foliar application of salicylic acid increased all yield parameters of common bean (pod number, pod fresh and dry weight). Also, salicylic increased the number of flowers, pods/ plant and seed yield of soybean (Gutierrez-Coronado et al., 1998) .
Also, El-Gabas (2006) on sunflower found that spraying ascorbic acid had favorable effect on growth characters and yield particularly with the higher concentration. Amin et al. (2008) reported that interaction treatments of salicylic and ascorbic acids increased plant height and yield components of wheat plants compared to their controls. Also, Siamak et al. (2015) showed that salicylic and ascorbic acids increased seed yield of chick pea under drought stress. Tables 5 and 6 show that the interaction effect between soil moisture stress and foliar spray with salicylic and ascorbic acids was found to be insignificant on yield and yield components.
Data in
Physiological Analysis
Chlorophyll content
Data presented in Table 7 show that in both seasons chlorophyll a, b and chlorophyll (a+b) contents were significantly increased when soybean plants were watered with wet treatment (25-30% ASMD) as compared with medium or dry treatments. On the other hand, dry treatment scored the lowest values of such pigments. This trend may be due to that water play an important role for pigments formation in leaves. In this respect, Masoumi et al. (2010) found that water deficit stress decreased total chlorophyll in soybean plant.
Chlorophyll a, b and total chlorophyll contents were significantly decreased due to leaf senescence acceleration under drought stress for maize plants (Efeoglu et al., 2009) . Also, Ali et al. (2011) found that drought stress significantly affected chlorophyll a, b and chlorophyll (a+b) concentration of maize plant leaves.
Regarding the effect of foliar spray of salicylic or ascorbic acid, it significantly increased chlorophyll content in both studied seasons. There was a gradual increase in chl. a, b and chl. (a+b) with increasing applied concentration over their corresponding control.
However, the highest recorded values of chl. a, b and chl. (a+b) content were obtained in leaves of soybean plants treated with 200 ppm salicylic acid. Similar results for salicylic acid were obtained by Hegazi and El-Shraiy (2007) on common bean and Farahbakhsh and Saiid, (2011) on maize plants. The simulative effect of SA might due to its antioxidantal scavenging effect to the protected chloroplasts and prevented chlorophyll degradation by the toxic reactive oxygen radicals (Aono et al., 1993) . El-Gabas (2006) found that ascorbic acid increased chlorophyll a, b, and total chlorophylls in sunflower plant and attributed this to stimulation the biosynthesis of chlorophylls and delay leaf senescence. Amin et al. (2008) reported that, ascorbic acid was more effective than salicylic acid in increasing the different photosynthetic pigments in wheat. They also, found that interaction treatments of salicylic and The interaction between soil moisture stress and foliar spray with salicylic or ascorbic acid and their combination had insignificant effect on chl. a, chl. b and chl. (a+b).
Antioxidant enzymes
Most of the biotic and abiotic stresses lead to an increase in the production of reactive oxygen species (ROS) such as superoxide radical (O 2 ), hydrogen peroxide (H 2 O 2 ) and hydroxyl radical (OH) (He et al., 2011; Gorji et al., 2011) .
These ROS in high density, hurt cells lipids, proteins and nucleic acids and finally stop the natural metabolism of plant (Badawi et al., 2004; Lai et al., 2007) . Plants protect themselves from cytotoxic effects of these ROS with the help of antioxidant enzymes such as peroxidase (POD), polyphenol oxidase (PPO), catalase (CAT) and superoxide dismutase (SOD) induced in plants in response to the stress (Joseph and Jini, 2010; Rani and Jyothsna, 2010; He et al., 2011) . Table 8 show that, water deficit stress increased antioxidants content (peroxidase and polyphenol oxidase) significantly, but content of them were more at mild (45-50% ASMD) than high water deficit stress (65-70% ASMD).
Data presented in
In other words, in extreme (high) water deficit stress condition, the antioxidant defensive mechanism of crops will be activated as well and the antioxidants content will increased as compared to wet irrigation (25-30% ASMD). But, due to excessive physiological damages resulted of water deficit stress the antioxidant activities are less than mild water deficit level. Similar results were obtained by Masoumi et al. (2010) on maize and soybean as well as Jiang and Zhang (2002) on maize, which might be attributed to inhibitory effects of water stress on protein turnover causing depletion of antioxidants (Bartoli et al., 1999) . Table 8 show that foliar spray of salicylic and ascorbic acids and their combination, significantly increased peroxidase and polyphenol oxidase activities in leaves of soybean plants as compared with untreated plants (control).
The interaction between soil moisture stress and foliar application of SA or ASC had significant effect on peroxidase and polyphenol oxidase activities. The highest values of two enzymes activities were obtained when soybean plants irrigated at medium treatment (50-55% ASMD) and foliar spraying with salicylic acid at 200 ppm and 100 ppm salicylic+100 ppm ascorbic acid. In this concern salicylicpretreated soybean plants stimulate of antioxidants might be achieved by SA-induced protein synthesis (Kovacik et al., 2009) . Also, foliar application of SA increased mineral nutrient content in Phaseolus vulgaris seem to involve in stress tolerance mechanism and play an important role to enhance the activity of enzymes responsible for drought resistance (Ghoulam et al., 2002) . War et al. (2011) found that induction of polyphenol oxidase activity by SA might enable the plants to resist the oxidative damage caused by different stresses. Dehghan et al. (2011) show that ascorbic acid may play an important role in salt stress by protecting soybean seedlings from the stress induced oxidative damage through the maintenance and / or increase of the activity of antioxidant enzymes.
Proline content
Results presented in Table 8 indicate that increasing water stress from 25-30% up to 65-70%, significantly increased leaf proline concentration. These results are in harmony with those obtained by (Abdo and Anton, 2009; Liu et al., 2011) .
Also, Proline accumulation can be met with the stress as temperature, drought and starvation. High levels of proline enabled the plant to maintain low water potentials. By lowering water potentials, the accumulation of compatible osmolytes, involved in osmoregulation allows additional water to be taken up from the environment, thus buffering the immediate effect of water shortages within the organism (Abdo and Anton, 2009) . Proline acts as an AOS (activated oxygen species) scavenger (Moslemi et al., 2011) . Also, proline is able to scavenge hydroxyl radical and stabilize the structure and function of macromolecules such as DNA, protein and membranes interaction with those macromolecules (Simaei et al., 2011) .
Foliar application of salicylic and ascorbic acids singly or in combination, significantly increased leaf proline concentration compared with untreated plants (control) . The interaction between soil moisture stress and foliar application with salicylic and ascorbic acids on leaf proline content was found to be significantly effect.
The highest values of leaf proline content were obtained from dry treatment (65-70% ASMD) with foliar spraying with salicylic acid at 200 ppm and 100 ppm salicylic+ ascorbic acids. Similar results were obtained by (Hassanein et al., 2012) . Table 8 show that total carbohydrates, protein accumulation and oil contents in soybean seeds were significantly increased under wet conditions (irrigation at 25-30% ASMD). While, increasing water deficit up to 65-70% ASMD, significantly decreased those traits. Plants received irrigation at 45-50% ASMD (medium treatment) had intermediate values. Fattahi-Nejsiani et al. (2009) and Hassanein et al. (2009) reported that protein content in soybean seeds was decreased but proline content was increased under drought stress. They also suggested that drought stress had a stimulatory effect on protein hydrolysis resulting in proline accumulation and /or inhibited protein synthesis are accompanied by inhibition of growth. Mourad and Anton (2007) found that total carbohydrates content of sorghum grains gradually decreased with increasing soil moisture stress. Also, Abdo and Anton (2009) found that increasing soil moisture stress decreased total carbohydrates and oil content in sesame seeds. Bayramov et al. (2010) explained the carbohydrates reduction under water stress conditions, that water shortage causes stomatal closure and this in turn prevents CO 2 diffusion into the air inside the tissues of plants and consequently the pigments and photosynthesis becomes low resulted from low expression of enzymes involved in photosynthesis under drought conditions. The roles of carbohydrates had markedly regulated the osmotic pressure in plants, and were recorded as important defense substances alleviating protoplasm coagulation under various stress factors (Vassiliev and Vassiliev, 1936) . Siamak et al. (2015) found that soluble carbohydrates were increased as a result of drought stress in chick pea plants.
Protein, oil and carbohydrates content of seeds
Concerning the effect of foliar spraying, Table 8 indicate that soybean plants treated by salicylic and ascorbic acids or their combination, significantly increased total carbohydrates, protein accumulation and oil content of seeds compared with control. The highest values of such traits were obtained by spraying plants with salicylic or ascorbic acid at 200 ppm also, their combination at 100 ppm. Similar results were obtained by Amin et al. (2008) who found that foliar application of salicylic and ascorbic acids individually or their combination increased crude protein and total carbohydrates in wheat grains. Hassanein et al. (2012) found that foliar application of wheat plant with SA increased total carbohydrates and protein accumulation when compared to the control treatment.
Also, Hegazi and El-Shraiy (2007) reported that the application of SA increased total soluble protein content in leaves of common bean.
Plants produce proteins to reaction biotic and abiotic stresses that were induced by some phytohormones such as salicylic and ascorbic acid (Davis, 2005) ; these compounds can decrease the drought effects in plants under stress conditions. Increase in protein content plays an important role in plant defense . Also, War et al. (2011) found that protein content was increased in groundnut plant treated with SA. The increase in protein content was reflected in increased peroxidase and polyphenol oxidase activities which, play an important role in plant defense under drought stress.
The interaction effect between soil moisture stress and foliar application with salicylic and ascorbic acids and their combination recorded no significant effect on total carbohydrates, protein and oil content of soybean seeds.
Water Relations
Relative water content
Relative water content in leaves (RWC %) was proposed as a good indicator of plant water status because RWC through its relation to cell volume may be more closely reflects the balance supply to leaf and transpiration rate (Sinclair and Ludlow, 1985) . Table 7 show that increasing water stress from 25 -30% up to 65-70% ASMD significantly decreased relative water content of leaves at 75 days after sowing in both seasons. Similar results were obtained by Abdo (2007) on maize plants as well as Abdo and Anton (2009) on sesame plants. In other study, leaf relative water content (RWC), water potential, osmotic potential, turger potentials and osmotic adjustment were significantly decreased under severe drought stress due to the excessive water loss (Machado and Paulsen, 2001) . Also, Ali et al. (2011) found that under severe drought stress plants failed to maintain the turger, this might be due to the excessive water loss through transpiration required to reduce the leaf temperature.
Foliar application of salicylic or ascorbic acid significantly increased RWC in soybean leaves compared with the control. The highest values of relative water content were obtained when the plants were sprayed with 100 ppm SA+ 100 ppm ASC in the first season and 200 ppm SA in the second season.
The interaction between soil moisture stress and foliar application of salicylic or ascorbic acid singly or in combination had insignificant effect on RWC of leaves in both seasons.
Seasonal water consumptive use
Seasonal water consumptive use (WCU) by soybean plant under various treatments is presented in Table 9 . Results indicated that the values of WCU ranged from 32.5 to 51.9 cm for the two successive seasons under study.
Results showed that the highest value of WCU was achieved under wet treatment; however the lowest value was obtained from dry treatment. The medium treatment had intermedium value. Similar results on sorghum were obtained by (Mourad and Anton, 2007) .
Such results could be explained on the basis that frequent irrigation provides chance for more luxuriant use of water. These findings could be ascribed to the availability of soil water to soybean plants in addition to higher evaporation rate from wet than from dry soil surface. In this connection, Ibrahim (1981) showed that the increase in evapotranspiration rate by maintaining soil moisture at high level can be attributed to excess available water in the root zone to be consumed by the plants. These results are in line with those reported by Abdo and Anton (2009) on sesame plant. Table 9 show that water use efficiency (WUE) under both studied seasons recorded the maximum value when plants irrigated at 45 -50% ASMD (medium treatment), whereas it was lower under both wet and dry treatments due to the high seed yield/ faddan which obtained from medium treatment in proportion to the low water consumed. It could be concluded that medium soil moisture level seemed to be more efficient in consuming water compared with either low water deficit (wet treatment) or severe soil moisture stress (dry treatment). In other words, from the stand point of water conservation, medium treatment seemed to be more economic for saving water and gained a suitable seed yield and also, allows soybean plants to use water more efficiency. Similar results on sorghum was obtained by Mourad and Anton (2007) and Abdo and Anton (2009) on sesame plant.
Water use efficiency
Foliar application of SA and ASC acids and their combinations increased WUE for soybean plant as compared with untreated plants in both seasons. Such results revealed that the foliar spraying of SA or ASC increased seed yield more than the increase in water consumed, resulting an increase in WUE. Siamak et al. (2015) found that salicylic and ascorbic acids increased water use efficiency as compared with the control of chick pea plants under drought stress. Also, Bakry et al. (2012) showed that foliar application of ascorbic acid increased water use efficiency of wheat plants under water irrigation requirements of (80% IR).This means that it can be save 20% of irrigation water. The interaction between soil moisture stress and foliar application with SA , ASC or their combination in Table 9 show that the maximum values of WUE (1.12 Kg seeds/m 3 water) were scored from plants irrigated at 45-50% ASMD (medium treatment) in combination with spraying by 100 ppm of SA+ 100 ppm ASC in both studied seasons.
Conclusion
It can be concluded that foliar application of soybean plants with 200 ppm salicylic or ascorbic acid and their combination at 100 ppm for each and irrigated at 25-30% ASMD (wet treatment) stimulate the growth of soybean plants via the enhancement of the biosynthesis of photosynthetic pigments, improved yield as well as carbohydrates , protein and oil content of soybean seeds.
Increasing water stress from 25-30% up to 65-70% ASMD decreased growth, yield components and metabolic processes, salicylic and ascorbic acids treatments lead to regulation plant metabolism and soybean performance under drought stress.
Higher WUE values were obtained when soybean plants were irrigated at 45-50% ASMD (medium treatment) and sprayed by 100 ppm salicylic + 100 ppm ascorbic acid. Ghoulam, C., A. Foursy and K. Fares (2002) . Effects of salt stress on growth, inorganic ions and proline accumulation in relation to osmotic adjustment in five sugar beet cultivars. Enviro. and Exper. Bot., 47 (1): 39-50.
